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Alternative names

 Metabolic syndrome

* Syndrome X

* Insulin resistance syndrome
* Deadly quartet

* Reaven’ ssyndrome
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The WHO Definition : 1998

I- Criteria : [ Type 2 diabetes or IGT]* + 2outof4:

1- Hypertension

2- Blood fat

3- Obesity ( BMI) **
4- micro albuminuria

* In case of normal glucose tolerance , evidence of
diminished insulin sensitivity
(by Euglycemic clamp or HOMA)

** Obesity is assessed by BMI or waist/ hip ratio



Constellation of metabolic
abnormalities that confer increased
risk of cardiovascular disease(CVD)
and diabetes mellitus.
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The major features of metabolic syndrome include

» Central obesity

» Hypertrilgyceridemia

» Low high density lipoprotein (HDL)
»Hyperglycemia

» Hypertension
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The Bottom line....




The shape of things
to come







Feature Diagnostic criteria

* Blood pressure > 130/ 85 mmHg
» Fasting blood sugar > 110 mg / dl
* Waist circumfrence
male >101 cm
female ~88 cm
e Triglycerides > 150 mg / dl
* HDL
male <50 mg / dl
female

< 40 mg / dl




IDF criteria

1. Waist circumference: 294 in males >80 in females

2. Plus two or more of the following
a) Hypertriglyceridemia: 2150 TG’ s or specific medication

b) Low HDL cholesterol: <40(M) and <50(F) or specific
medication

c) Hypertension: blood pressure 2130 mm systolic or 285 mm
diastolic or specific medication

d) Fasting plasma glucose: 2100 mg/dl or specific medication
or previously diagnosed T2DM
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( Cardiometabolic Risk )

Ethnic-Specific Values for Waist Circumference:
International Diabetes Federation

Country/Ethnic Group

Waist Circumference

United States

Male 102 cm (40 inches)

Female 88 cm (35 inches)

Europids

Male 94 cm (37 inches)

Female 80 cm (31 inches)

South Asians and Chinese

Male 90 cm (35 inches)

Female 80 cm (31 inches)

Japanese

Male 85 cm (33 inches)

Female 90 cm (35 inches)

Ethnic South and Central Americans

Use South Asian recommendations until more
data are available

Sub-Saharan Africans

Use European data until more data are available

Eastern Mediterranean and Middle
East (Arab) Populations

Use European data until more data are available

International Diabetes Federation. The IDF consensus worldwide definition of the metabolic syndrome. 2005,

Tan CE, et al. Diabetes Care. 2004:27:1182-1186.
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Enintoon Tou MeTaBoAikou
ZuvOpouou

Avdpecg 25.3%
Muvaikeg 14.6%

ATTICA Study, Am Heart J 2004;147:106-12



Prevalence of the metabolic syndrome among
8,348 Greek adults aged >18 years,
by age and gender.

M Men M Women

18-70+ 18-29 30-39 40-49 50-59 60-69 >70

|Age in years and number of subjects in each age groupI

Athyros VG et al. Diabetes Obesity and Metabolism 2005;7:397--405
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Relationship Between Obesity and
Insulin Resistance and Dyslipidemia

Central obesity

L

* FFA <:* Insulin Resistance

b

4+ Apolipoprotein B
* Hepatic Lipase

-« ¢ T
76 | [*Small, DenseLDL| | ¢ HDL|

Brunzell JD, et al. Diabetes Care. 1999;22(suppl 3):C10-C13.



Insulin Resistance: Associated Conditions

Type 2 diabetes

Atherosclerosis Hypertension
Dyslipidemia Impalred
. glucose tolerance
insulin
Resistance
_ Decreased Obesity (central)
fibrinolytic activity
Acanthosis Polycystic
higricans ovary disease

Hyperuricemia

Adapted from Consensus Development Conference of the
American Diabetes Association. Diabetes Care. 1998:21:310-314.



Pathogenesis contd.

~
Genetic factors
Foetal programming
Excessive dietary intake
Lack of exercise
=
I T T 1
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Insulin Resistance Visceral Obesity HPA Dysregulation Atherogenic
| Dyslipidemia
|
~ y W
Chronic Inﬂammauon\ (7 Hypotooﬂisolism
High insulin level cytlokines release Low growth hormone secretion Low HDL
High IGF-1 level (resistin, leptin, TNFc, 11-6 hypogonadism High LDL
9 CPR, fibrinogen, PAI-1) Renin-angiotensin system High triglycerides
decrease adiponectin dysregulation
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METABOLIC SYNDROME
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1)

2)

3)
4)
5)
6)

Other associated

conditions

Cardiovascular disease

increased risk for new onset CVD, ischemic stroke, PVD
Type 2 diabetes mellitus

increased risk by 3-5 folds

NAFLD and/or NASH

Hyperuricemia

PCOS- prevalence 40-50%

OSA- commonly associated with obesity, HTN & insulin
resistance (CPAP improves insulin sensitivity)

fppt.com



IpoyveoTIKN



2UaToAIK Al =180 mmHg kai/f AlagTtoAiky 2110 mmHg
2UaTOAIKN Al >160 mmHg kai/fy AiaaTtoAikry <70 mmHg
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Other risk Normal High normal Grade 1 HT Grade 2 HT Grade 3 HT
factors, OD or SBP 120-129  SBP 130-139  SBP 140-159 SBP 160-179 SBP >180
Disease orDBP 80-84 orDBP 85-89 or DBP 90-99 or DBP 100-109  or DBP >110

No other risk Moderate added
factors risk

1-2 risk factors Moderate Moderate added
added risk risk

3 or more risk Moderate added
factors, MS, risk
OD or Diabetes

Established CV
or renal
disease

SBP:systolic blood pressure; DBP:diastolic blood pressure; CV: cardiovascular; HT: hypertension.

Low, moderate, high and very high risk refer to 10-year risk of CV fatal or non-fatal event. The term “added” indicates that in all
categories risk is greater than average. OD: subclinical organ damage; MS: metabolic syndrome; The dashed line indicates how
definition of hypertension may be variable, depending on the level of total CV risk.

1. Mancia G. et al. J Hvpertens 2007:25:1105-1187



INTER-HEART STUDY: CV Events (Ml) in
Hypertension + Other CV Risk

2.9 2.4 1.9 3.3 13.0 42.3 685 182,89 333.7
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OR (89% CI)
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Smk Dj\Y HTN  APoB/A1+2+3 all4 +0O +PS  All RFs

>20-Fold Increase

N B 0

MI'= Myocardial infarction; PS = Psychosocial Yusuf S et al. Lancet. 2004; 364:937-95-



Mortality, especially cardiovascular mortality,
is increased in subjects with MetS

Subjects (%)

20- No MetS o«
ERS 18.0%
15-
12.2%*
10-
5+ 4.6%
2.2%
0

Cardiovascular mortality Total mortality

Results of a 7-year follow-up
*p<0.001 vs. subjects without MS Isomaa et al. Diabetes Care 2001; 24: 683-9



Cumulative Hazard, %

Cardiovascular Disease Mortality Increased in the
Metabolic Syndrome: Kwuopio Ischaemic Heart
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Disease Risk Factor Study

Cardiovascular Disease Mortality

Metabolic
RR (95% CI), 3.55 (1.98-6.43) Syndrome:
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Lakka HM et al. JAMA 2002;288:2709-2716.



WOSCOPS: CAD Risk Increases With
Number of Metabolic Syndrome Criteria

No. of metabolic syndrome features:

4 - o 3,65
11

CAD
n 695 2077 1984 1339 352

WOSCOPS = West of Scotland Coronary Protection Study; HR = hazard ratio.
Sattar N, et al. Circulation. 2003;108:414-419.



Prevalence of CKD (estimated GFR <60 mli/min/1.73m?2)
and microalbuminuria (urinary albumin-to-creatinine
ratio of 30-300 mg/g) by number of MetS components.

B CKD @ Microalbuminuria
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Chen et al. Ann Intern Med 2004; 140: 167-174.



Metabolic Syndrome, CVD Events, and Mortality

o Atherosclerosis Risk in Communities (ARIC) study

(12,089 men and women):

* 11 year follow-up, ATP I1I MetS associated with
1.5-2-fold greater likelihood of developing CHD

and stroke

 But MetS did not improve prediction over FRS

* (McNeill et al. Diab Care 2005; 28: 385-90)






To be or not to be

The Metabolic Syndrome: Time for a
Critical Appraisal

Joint statement from the American Diabetes Association and the European
Association for the Study of Diabetes

Does the Metabolic Syndrome Exist?
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e ['Aukodn: 101
e Alll.: 136/82
e TplyAukepidia: 152

o MS: NAI

e [A\uko(n: 243
e All.:185/112

e TpiyAukepidia: 144

e MS: OXI



EcalpeTiKa eTepOyEVC Ouada

e [uvaika 36 eTwv e AvOpag 68 eTwv
e ['Auko(n: 101 e ['Auko(n: 243

e Alll.: 136/82 e All.: 185/112

e TpIyAukepidia: 152 e HDL: 28

e MS: NAI e MS: NAI

e CV risk: XaunAo¢ e CV risk: MNoAU uynAoc



Prediction of CV or All-Cause by MS Components and Their
Combinations
e

CV Mortality All- Cause Mortality
Type of Model -2 LogL LRT P -2 LoglL LRT P
Waist circumference 0.5593 0.2755
Triglycerides 0.3532 0.0615
HDL cholesterol 0.9748 0.4137
Glycemia 0.0053 0.0345
BP 0.0282 0.0311




MS or not ?

“The Road Not Taken” by Robert Frost
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[MBavoTtnTa UTTap¢nc TTOAWY TTAPAYOVTWY OE «UTTOKAIVIKGY
opla

Aptnpiakn miean: 138/88 mmHg

rAuK6Zn: 117 mg/dl

[Tpogoyn OTNV AVTILETWTTION TTOAWVY TTAPAYOVTWY KIVOUVOU
Tautoxpova
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>8 METs (n=934)

R

= T 5.1-7.9 METs (n=1452)
[P}
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kad <5 METs (n=762)

Log Rank=147.4; p<0.001
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0.00 5.0 10.0 15.0 20.0 25.0

Years of Follow-up

No. of Cumulative Events

Kokkinos

<5METs 218 340 386 394 )
5.1-7.9 METs 156 270 325 339 Diab Care 2009

2 8 METsSs 37 71 87 90




AGKNON Kal BvRATOoTRTO
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1,51

0,5

1,47

<5METs

0,97

0,66

0 Risk Factors
B No Risk Factors

0,56
0,48

0,37

0,33

5.1-7 METs

7.1-10 METs >10 METs

Kokkinos, Hypertension



>10 METs

7.1-10 METs

5-7 METs

10.00

Years of Follow-up

Kokkinos, P. et al. Circulation 2008;117:614-622 PN
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Metpopuivn, I'Artalovec
Oiunpatec, Niaoivn, 2-3 Mmoapd
AVTIOLOTETOALOKA

AVTIVTEPTACTIKA GAPLLOKOL



MeTaoAiké ouvdopouo — ESH 2008

Recommended
Non-pharmacologic treatment
First choice: ACEiI or ARB

Second choice: CCb or b-blocker (vasodilating)

Observations

Diuretics should be avoided in monotherapy or high dose
B-blockers should be avoided if not indicated
Combination of diuretics+b-blockers should be avoided

Redon, J Hypertens 2008
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N Lisinopril/Chlorthalidone
ALLHA'D Relative Risk and 95% Confidence Intervals

With Without
Dysmetabolic Syndrome Dysmetabolic Syndrome

CHD 1.01 (0.90 - 1.13) 1.02 (0.88 - 1.20)

All-cause
mortality

Stroke

1.01(0.93 - 1.12) 1.02 (0.91 - 1.14)
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1.09 (0.93 - 1.28) 1.20 (0.97 - 1.48)

Heart Failure 1.28 (1.12 - 1.47)

1.02 (0.83 - 1.25)

Combined
CVD
ESRP —— 122 (0.92-1.63) - 0.76 (0.48 - 1.21)

0.50 1 2 0.50 2
Favors Favors Favors Favors

Lisinopril Chlorthalidone Lisinopril Chlorthalidone

1.14 (1.06 - 1.21) 1.07 (0.98 - 1.17)
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Historical Context :

-250 ys ago , Morgagni : associated visceral ob.
- HTN - atherosclerosis - uric acid
obstructive sleep apnea.

-1947 Vague (France): Android obesity.
-1960 : Plurimetabolic Syndrome
( ob+ diab + bld lipids + risk CHD. )
-1980 : Syndrome X : glucose & insulin metab +
+ obesity + HT + dyslipidemia

Reaven : Insulin sensitivity - risk CHD -
iInsulin resistance



The NCEP metabolic syndrome:
prevalence in the NHANES Il stud

B Abdominal obesity
B Hypertriglyceridaemia

B Low HDL-cholesterol

B High blood pressure or medication use

B High fasting glucose or medication use

>1 metabolic abnormality: 71%
>2 metabolic abnormalities:44%
>3 metabolic abnormalities:24%

Ford ES, et al. JAMA 2002; 287: 356-9.




